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Abstract 
Cassava is one of the local food sources that are widely available in almost every region. Cuttings are 
used to plant cassava, and these cuttings will produce a number of roots and buds. The main purpose of 
this study was to evaluate the effect of cuttings slices model and the number of buds on the growth of 
Tobelo local varieties of cassava. This study employed a factorial Randomized Block Design (RBD), 
with the cuttings slices model as the first factor, consisting of three levels, namely: flat slice, one-sided 
slice and two-sided slice. The second factor is the number of buds, which is divided into three levels,  
1 bud, 2 buds and 3 buds. The observation parameters in this study include plant height, number of 
leaves, stem diameter and leaf area. The results have revealed that the model of two-sided sliced cuttings 
combined with the number of one bud is the most effective treatment in improving the growth of cassava 
plants of Tobelo local varieties. The models of one-sided and two-sided oblique cuttings slices yield  
the highest average value for the parameters of plant height, stem diameter and leaf area, while  
the treatment with one bud tends to give the best results for the growth parameters. 
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The world is currently experiencing two  
major crises, the food crisis and the energy crisis. 
The energy crisis is triggered by the depletion  
of energy derived from fossil fuels, while  
the food crisis is caused by the phenomenon  
of global warming and unequal distribution of 
food. The increasing food crisis has compelled 
every country to further optimize the potential  
of existing local food sources, including Indonesia 
(Hardono, 2014). Cassava (Manihot esculenta 
Crantz) is a potential source of local food  
that is widely distributed (Adiele et al., 2020).  
Its wide agroecological adaptability makes 
cassava the third most important source of energy 
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in the tropics (Hasibuan and Nazir, 2017; Neves 
et al., 2018). This plant has a great potential  
for development, providing an important source 
of calories and options for food security for  
the growing population (De Souza et al., 2017) 
based on local wisdom (Sulistiono et al., 2020). 
Cassava roots can be harvested all year, ensuring 
a continuous food supply for smallholder farmers 
and raw materials for related processing industries 
(Rahman and Awerije, 2016). 
Cassava is a perennial woody shrub with 
edible roots, grown worldwide in tropical and 
subtropical climates (Oliveira and Miglioranza, 
2014; Amarullah et al., 2017). Cassava has  
a strategic and promising role as food, feed  
and industry (Radjit and Prasetiaswati, 2011), 
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with high biomass productivity so that feedstock 
bioindustry can be developed into bioenergy  
and biomass products, primarily for animal  
feed (Sundari, 2010; Simatupang, 2012; Nugraha 
et al., 2015). In Indonesia, cassava is the third 
most important staple food after rice and  
corn (Nurdjanah et al., 2012; Bantacut, 2014).  
The opportunities for developing cassava business 
are wide open because of the high demand  
for products made from cassava, such as  
tapioca, pellets, flour, syrup, textiles, paper and 
the livestock industry (Ariani et al., 2013). 
The development of Indonesian cassava 
production since the last five years (2014 to 2018) 
has slowed down. In 2014 cassava production  
in Indonesia still reached 23,436,384 tons, but  
by 2018, the production dropped to 19,341,233 
tons (Pusdatin, 2020). For this reason, efforts  
are required to increase the yield of cassava 
plants, given the promising prospects for the 
development of this food plant to be developed  
in support of local food availability. For North 
Maluku, the existence of local varieties of cassava 
is quite widely distributed in this area (Suwitono 
et al., 2017). Tobelo, North Halmahera, is home 
to one of the well-known local varieties. This area 
is a fairly high supplier of cassava for Ternate  
and the surrounding areas because cassava from 
this area is abundant and tastes good. 
The growth and development of cassava  
plants can be identified through the formation  
of a number of roots and shoots. Shoots are  
a network that supplies assimilates, also known  
as sources. According to Taiz and Zeiger (2010), 
the source is an organ that produces and exports 
assimilates in plants. Gardner et al. (2017)  
added that this tissue is an active photosynthetic 
organ, green in color and chlorophyll, similar  
to leaves. Meanwhile, the roots or tubers in 
cassava are called sinks. Sinks are networks  
that accommodate or receive assimilation but are 
not actively photosynthesizing, such as fruits, 
seeds, tubers and old leaves (Taiz and Zeiger, 
2010; Gardner et al., 2017).  
Efforts to improve cassava yields necessitate  
a thorough understanding of the relationship 
between the source and sink (leaves and tubers). 
There is a relationship between leaf and tuber 
growth in cassava. It is suspected that the larger 
the tuber size, the production of buds and leaves 
will gradually stop and the leaves will experience 
age, resulting in a decrease in the total leaf  
area also. According to Amarullah et al. (2016), 
the success of root or tuber initiation is also 
influenced by the number of shoots on a cutting. 
Edmond et al. (1975) added the presence of shoots 
in cassava is very important for the root or  
tuber initiation process. Root or tuber growth  
will not occur if all shoots are removed or in  
a dormant state because the shoots provide auxin, 
which stimulates the formation of roots or tubers, 
especially when the shoots begin to growth. 
In connection with the foregoing, efforts to 
improve the yields of cassava plants are required. 
Cassava yields can be increased substantially  
by improving plant formation, genotype, 
management (Adiele et al., 2020) and planting  
of high-yielding cassava stems (Ikuemonisana  
et al., 2020). Ceballos et al. (2010) mentioned  
that one of the cassava plant improvement 
programs is aimed at developing high-yielding 
varieties. The use of improved varieties in field 
trials in Nigeria yielded a fresh tuber weight of 40 
ton ha-1 (Eke-Okoro and Njoku, 2012). Naturally, 
varieties of cassava have different characteristics 
depending on their genetic background, which  
can produce different responses to external factors 
(Neves et al., 2018). 
There have been many studies on conventional 
cassava propagation related to the number of 
shoots in the cuttings to the rooting stage; 
however, only a few links explain plant growth 
and development with cuttings to be planted under 
field conditions. The purpose of this study was to 
examine the effect of cuttings and the number of 
buds on the growth of cassava plants. The novelty 
of this research is the use Tobelo local variety, 
which is high in production. Local cassava 
products are always in demand by the people  
of North Maluku as one of the staple foods and 
ingredients for making sago made from cassava  
as local food (Suwitono et al., 2017). This study  
is expected to encourage the development of 
Tobelo cassava plants for other areas to support 
the sustainable agricultural system in this region. 
MATERIALS AND METHOD 
This research was carried out from April  
to July 2019 in the farmers' land in Kalumata Sub-
district of South Ternate Regency, North Ternate 
Province, Indonesia. This area is geographically 
located at N 00045’46’’ and E 127021’40’’. 
Laboratory analysis was carried out at the Soil 
Science Laboratory, Faculty of Agriculture, 
Universitas Khairun, Ternate and the Soil Science 
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Laboratory, Faculty of Agriculture, Universitas 
Tanjungpura, West Kalimantan, Indonesia.  
The materials used were local cassava varieties 
from Tobelo, chicken manure, urea, SP-36, 
potassium nitrate (KNO3), Curacron pesticide  
and aqua destilata. This research was arranged  
in factorial Randomized Block Design (RBD). 
The first factor is manipulation at the bottom, 
including the cuttings model at the bottom  
(L) with three levels: L1 = flat slice, L2 = one-
sided slice and L3 = two-sided slice (Figure 1). 
The second factor is manipulation at the source, 
the regulation of the number of planting buds  
(S), including S1 = 1 bud, S2 = 2 buds and S3 = 3 
buds (Figure 2). Each treatment combination was 
repeated three times. 
 
   
L1 L2 L3 
Figure 1. Different treatments of sliced cut models,  
 
   
S1 S2 S3 
Figure 2. Different treatments of the number of buds 
 
The type of soil in the research location is 
Inceptisols and soil processing is accomplished  
by plowing the soil, followed by piling. The soil 
was treated as deep as ± 50 cm. Cassava planting 
materials of main stem cuttings with 10 buds were 
sliced with based on the treatment: flat, one-sided 
slanted and two-sided slanted. Cassava cuttings 
were planted in an upright position with a spacing 
of 100 cm x 100 cm, as deep as 5 to 10 cm, with 
approximately one-third of the cuttings buried  
in the soil. 
Watering was conducted in every morning  
and evening based on the soil water condition.  
In the first 1 to 3 days of planting, the cuttings 
were watered with sufficient water to avoid  
the dryness of cuttings. Starting from one  
week after planting, the treatment setting for  
the number of buds (1 bud, 2 buds and 3 buds)  
was by allowing the buds to grow according to  
the treatment. Manure was given as a base 
fertilizer at a dose of 15 ton ha-1 (BALITKABI, 
2019), given two weeks before planting, together 
with the time of bed preparation. Inorganic 
fertilizer of 200 kg urea + 100 kg SP-36 + 100 kg 
KCl ha-1 (Sundari, 2010), as continued fertilizer, 
was provided in two stages, a half dose when  
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the plant was 1 month and a half dose at 3  
months. The fertilizers were spread evenly over 
the surface.  
Weeding was performed manually at the age 
of 4, 6, 8 and 10 weeks after planting. Soil 
loosening was carried out three times particularly 
at the age of 1, 2 and 3 months, to improve  
soil aeration, and make room for roots to  
grow, develop and form tuber. Adjustment of  
the number of shoots was done by removing  
the shoots growing beyond the treatment.  
Tetranychus urticae commonly attack  
young and old leaves, while Phenacoccus sp. 
Pests attack the leaves and shoots of plants  
and stems. These pests attack in the beginning  
of dry season, causing disruption of leaf  
growth and leaf loss of plants. The control of 
Tetranychus urticae was carried out by spraying 
water as often as possible on the affected  
plants, while the control of Phenacoccus sp.  
was completed using an insecticide solution  
made from active ingredients of organophosphate 
and dimethoate (BALITKABI, 2019), namely 
Curacron insecticide diluted with water then 
sprayed on the affected plant parts. Plants were 
observed by considering particular parameters, 
including the plant height, stem diameter, number 
of leaves and leaf area: 
a. Plant height was measured from the base of  
the stem that bordered the soil surface to  
the point of growth, with observations carried 
out every two weeks. 
b. Stem diameter measurement was done 
together with plant height measurement. 
c. Number of leaves was measured by counting 
the leaves perfectly opening, excluding the 
buds, carried out together with measurements 
of plant height and stem diameter. 
d. Leaf area was measured using the gravimetric 
method; the leaves were traced using paper, 
and then the tracing was cut and weighed.  
The results were compared with the weight and 
area of the whole paper. The area of the whole 
paper was previously weighed and calculated 
beforehand (Guritno and Sitompul, 1995). 
Leaf area was calculated based on the weight 
of the leaf replica and the total paper weight, 






Note: LA = leaf area 
  Wr = net weight of leaf replica 
  Wt = total paper weight 
  At = total paper area 
 
Observation data were examined with 
Analysis of Variance (ANOVA). The treatments 
having significant effect would be further  
tested using the Least Significant Difference 
(LSD) at a 5% significance level (Gomez and 
Gomez, 1984). 
RESULTS AND DISCUSSION 
The effect of cuttings model, number of buds 
and their interaction on the growth of cassava 
plants 
The cuttings model does not significantly 
affect all the growth parameters of cassava,  
but when viewed from the results of the average 
value, each treatment provides the average  
value which varies and this condition can be seen 
in Figures 3, 4, 5 and 6. In Figure 3 and 4,  
it appears that the treatment of the L2 model  
gives the highest average value of the plant  
height and stem diameter parameters, followed  
by the treatment of L3 and then the treatment  
of L1. Likewise, in the leaf area parameter  
(Figure 5), the highest leaf area is found in  
the L3 treatment and the lowest is in the L1 
treatment. However, the opposite condition 
occurs in the number of leaves; the L1 treatment 
contributes to the highest number of leaves,  
while the L3 treatment yields the lowest number 
of leaves (Figure 6). 
The results have proven that in the sliced 
cuttings model, either 1 side or 2 sides, a number 
of callus on each side are formed, contributing  
to numerous formed roots or tubers. Many roots 
or tubers can absorb water and nutrients available 
in the soil, which then are allocated to all parts  
of the plant, so that the growth of upper plants 
related to the plant height, stem diameter, number 
of leaves and leaf area also increases.  
This situation is in line with the results of 
several studies reporting that, in addition to 
nutrient status, different cutting surface areas 
cause varying number of callus formation  
which has implications for the growth of upper 
plants (Fermont et al., 2010; Okpara et al., 2010; 
Edet et al., 2013). In the case of cassava,  
the results are strongly related to tuber diameter, 
size and weight (Fermont et al., 2010; Agahiu  
et al., 2011). As more nutrients are absorbed by 
the roots, the nutrients transferred from the roots 
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to all parts of the plant increase. This shows  
that the opportunity to grow and develop leaves 
and buds is improved (Zuraida, 2010). Roots 
absorb plant nutrients and play a role in storing 




Figure 3. Growth of cassava height in the treatment of cuttings slice models 
 
 
Figure 4. Growth of cassava stem diameter in the treatment of cuttings slices models  
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Figure 6. Growth of cassava leaf number in the cuttings slice model 
 
Cassava is cultivated vegetatively using stem 
cuttings of varying lengths and calluses are 
formed at the base of the cuttings at the time after 
the cuttings are planted. The calluses formed  
at the base of the cassava cuttings differentiated 
into a large number of roots or tubers. Remison  
et al. (2015) pointed out that one method for 
increasing the availability of large-scale planting 
material in cassava crops is reducing the nodal 
units of the stake, i.e by decreasing the length of 
the cassava cuttings.  
Sundari's (2010) states that in a vertical  
and inclined planting position with the base of 
cuttings in the soil, the callus will immediately 
develop at the base and a few days later,  
roots will appear. Arrangement of the cut  
model at the base of the cuttings allows for  
a different cross-sectional area and circumference 
of the cuttings, causing the appearance of 
potential roots or tubers to vary depending  
on the circumference area. Based on the results  
of the analysis of the soil properties, the study  
site is classified as sandy clay. The high  
sand fraction (59%) also facilitates the formation 
of a number of callus. According to Wijanarko 
(2014), the most suitable soil for cassava is  
one with a crumbly structure, is loose and is  
not too hard. 
Setting the number of buds can affect  
the number of leaves (source). Leaves are plant 
organs that perform photosynthesis, which 
produces carbohydrates for plant (Gardner et al., 
2017). The results of this study show that  
the treatment of the number of buds has  
a significant to very significant effect on plant 
height, stem diameter and number of leaves, while 
leaf area has no significant effect. The results  
of the average difference test of the treatment  
of the number of buds on cassava plant height  
are listed in Table 1. 
 
Table 1. The effect of bud number treatment on plant height of Tobelo cassava local variety 
Observation time 
(Week) 
Average plant height (cm) in the bud number treatment 
S1 S2 S3 
2 013.77a 010.74ax 010.36a 
4 022.73b 018.84ab 016.22a 
6 054.89b 049.16ab 038.95a 
8 107.87b 102.19ab 089.79a 
10 143.24a 141.84ax 128.20a 
12 169.50a 157.77ax 145.55a 
Note: Numbers followed by the same letter in the same line show no significant difference in LSD Test α = 0.05 
 
Table 1 demonstrates that the effect of  
the treatment of the number of buds on  
cassava plant height begins to differ significantly 
between the 4th and 8th weeks, but not between  
the 10th and 12th weeks. From the 4th to the 8th 
week of observation, there is a period of rapid 
vegetative growth combined with the availability 
of sufficient water due to high rainfall, so  
the effect appears to be very real. Entering  
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is different because it is entering summer. As  
a consequence, the growth is slightly hampered 
due to the lack of water intake although watering 
is performed. Moreover, the attack of Tetranychus 
urticae and Phenacoccus sp. causes plant 
stunting.  
Santisopasri et al. (2001) and Tappiban  
et al. (2020) state that environmental conditions  
at the initial and final growth stages are very 
important for root growth. Stress due to the lack 
of water in initial plant growth will affect  
its productivity (Santisopasri et al., 2001;  
El-Sharkawi, 2006). Egesi et al. (2007)  
and Benesi et al. (2008) add that starch 
productivity will only increase if it is supported  
by environmental conditions; and therefore,  
the selection of locations for cassava planting 
must be done carefully. In the present study,  
the highest plant height is shown in treatment  
S1 because there is no competition in this 
treatment in taking nutrients or light. In contrast, 
in S2 and S3 treatments, the competition to obtain 
nutrients and light take place since those elements 
will be distributed into several branches. 
Based on the observation results, it appears 
that all treatments contribute significantly to  
the stem diameter, except treatment given in week 
6 (Table 2). S1 treatment causes the plant to have 
the largest stem diameter. Meanwhile, in S2 and 
S3 treatments, the stem diameter of the plants are 
smaller because more shoots develop (Figure 7). 
Bridgemohan and Bridgemohan (2014) evaluated 
the effect of the number of buds on yield and  
dry matter accumulation in cassava roots and 
concluded that the initial dry matter content  
(6 to 15 g) and the number of buds in the cassava 
(1 to 3) significantly influence the crop growth 
and development. The cassava stems are formed 
by nodal units composed of axillary buds, which 
are responsible for the development of new shoots 
(Ceballos and de la Cruz, 2002). The leaves  
of stems produce the carbohydrates necessary to 
maintain the nodal units and influence root growth 
(Cock, 2012). 
 
Table 2. The effect of bud number treatment on the stem diameter of Tobelo cassava local variety 
Observation time 
(Week) 
Average stem diameter (cm) in the treatment 
S1 S2 S3 
2 1.02b 0.90ab 0.80a 
4 2.14b 1.98ab 1.83a 
6 2.76a 2.62ax 2.36a 
8 3.38c 3.09bc 2.66a 
10 4.18c 3.74bx 3.36a 
12 4.54c 4.07bx 3.68a 
Note: Numbers followed by the same letter in the same line show no significant difference in LSD Test α = 0.05 
 
   
S1 S2 S3 
Figure 7. The relationship between stem diameter and the number of shoots 
 
The treatment of the number of buds  
also has a strongly significant effect on  
the number of leaves at each observation, exce 
pt at the 6th week of observation. As presented  
in Table 3, it appears that if the number of  
buds increases, the number of leaves will 
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decrease. This condition is seen in treatment  
S1, which shows the highest number of leaves 
compared to in other treatments. On the other 
hand, the number of buds does not demonstrate 
significant effect on the leaf area. However,  
when viewed from the average results, each 
treatment gives a different average value for  
leaf area (Figure 8). 
 
Table 3. The effect of bud number treatment on the number of leaves of Tobelo cassava local variety 
Observation time 
(Week) 
Average number of leaves (strands) in the treatment 
S1 S2 S3 
2 04b 04ab 03a 
4 10b 09ab 08a 
6 20a 19a 15a 
8 41b 30a 28a 
10 59b 45a 40a 
12 81b 61a 49a 
Note: Numbers followed by the same letter in the same line show no significant difference in LSD Test α = 0.05 
 
 
Figure 8. Cassava leaf area in the treatment on the number of buds 
 
The results of this study have depicted that  
S1 treatment tends to give the best results on  
the cassava plant growth. However, treatments 
with more buds cause the plant growth to 
decrease. This is possible because as the number 
of buds increases, the nutrients produced from 
photosynthesis will be divided and distributed  
into many buds, resulting in the decreased plant 
growth and yield. This is in line with the results of 
the study by Enyi (1973) that the more shoots are, 
the slower the growth rates and yields of cassava 
plants are. According to Angga (2011), healthy 
shoots will be more resistant to the growing 
environment, resulting in faster growth. 
Remison et al. (2015) pointed out that 
sprouting rate and vegetative growth are related  
to the number of buds in the cuttings. This 
condition was seen in the S3 treatment, where 
plant height, stem diameter and number of leaves 
were lower than that in the other two treatments. 
However, for leaf area parameter, the opposite 
occurred, where the more the number of buds,  
the leaf area increased. This condition proves that 
S3 treatment contributes to a slightly wide leaf 
shape of plant despite the small number of leaves. 
Interaction gives a significant influence on  
the growth parameters, except for the leaf area. 
The different test of the effect of the cuttings,  
the number of shoots and their interactions on  
the parameters of plant growth are listed in  
Table 4. It appears that the treatment interaction 
gives the highest value on the combination  
of the model cuttings with a single cuttings  
(L1S1) for the stem diameter and number of 
leaves parameters, except for the plant height 
parameter. In terms of plant height parameters,  
the combination of the one-sided sliced cuttings 
with three buds (L2S3) model has the highest 
combination of plant height; however, this 
combination is not significantly different from 
L1S1 and the treatment of the flat sliced cuttings 
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Table 4. The effect of cut slice model, number of buds and interaction on growth of cassava plants 
Cut slice model 
Number of buds Average 
S1 S2 S3  
Plant height (cm)     
L1 244.83cd 248.17cd 176.42a 223.14 
L2 218.33bx 228.00bc 263.83d 236.72 
L3 225.67bc 239.42bc 219.51b 228.20 
Average 229.61bx 238.53bd 219.92a 229.35 
Stem diameter (cm)     
L1 005.76gf 005.11dc 004.33a 005.07 
L2 005.60fg 004.88cd 0004.92cd 005.13 
L3 005.70fg 005.46ef 0004.79bc 005.31 
Average 005.69cx 005.15bc 004.68a 005.17 
Number of leaves (sheet)     
L1 252ex 231de 152ab.0 212.00 
L2 224ex 180ab 189bc.0 198.00 
L3 170ab 213cd 251e.0c 211.00 
Average 215bx 208ab 197a.0c 207.00 
Note: Numbers followed by the same letters in the same column show no significant difference in LSD Test  
cα = 0.05 
 
This condition is in line with the results of  
the study by Amarullah (2016) that the growth of 
plant height and stem diameter of cassava plants 
are related to the manipulation of sources with  
the arrangement of plant branches and cuttings 
model, resulting in significant differences in plant 
height, stem diameter, number of leaves and leaf 
area. According to Hidayat (2004) the developing 
canopy is a stronger sink, while the root is  
a weaker sink. However, once the leaves become 
the sources, the distribution of assimilates to other 
organs such as roots or tubers changes (Amarullah 
et al., 2016). El-Sharkawy (2014) also highlights 
that the shoot and root compete for photosynthetic 
assimilates due to cassava’s unique simultaneous 
development of sinks organ; however, to achieve 
high yield, shoot and root growth must be well 
balanced. 
CONCLUSIONS 
This research concludes that the treatment of 
sliced cuttings model tends to provide the highest 
average value to the growth parameters of cassava 
plants, whereas in the treatment of the number of 
buds, the more number of buds, the average value 
of growth parameters tends to decrease, except  
for the leaf area parameters. The model of two-
sided sliced cuttings combined with the number of  
one bud (L3S1) is the treatment that can improve 
the growth of Tobelo cassava local variety. 
Further research on crop yields is required to 
supplement the findings of this study. 
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